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ABSTRACT. The present paper provides the first 
comparative analysis of the community composition 
and habitat distribution of myriapods (Chilopoda, 
Diplopoda) in the urban, suburban and rural habitats of 
the town of Shumen and Shumen Plateau. For both 
studied classes, Chilopoda and Diplopoda, the green 
areas of the city center are the species poorest, with 
Geophilomorpha and Scolopendromorpha being ap- 
parently most influenced by the anthropogenic pres- 
sure. The highest species diversity has been estab- 
lished in the suburban area with a total of 37 species — 
20 centipedes and 17 millipedes, which accounts for 
64% of the 58 species known in the region. According 
to the index of persistence (invariably) of Tischler the 
degree of attachment of centipedes to a particular habi- 
tat is less than that of millipedes, which are trophicaly 
dependent on surrounding vegetation. The highest de- 
gree of similarity in myriapod communities in the stud- 
ied habitats is reported between Park Kyoshkovete and 
reserve Bukaka where the Czekanowski-Dice-Sórens- 
en (Qs) index is 0.83 for centipede and 0.81 for milli- 
pede communities. No alien species have so far been 
found in the fauna of Shumen, which is unusual given 
the size of the city, its long history, established trade 
relations with other regions since antiquity and the 
active transportation of products from and to different 
parts of the world. 


РЕЗЮМЕ. Настоящая статья представляет пер- 
вый сравнительный анализ видового состава рас- 
тительных сообществ и биотопического распреде- 
ления многоножек (Chilopoda, Diplopoda) в город- 
ских, пригородных и природных местообитаниях в 
регионе города Шумен и плато Шумен. Самыми 
бедными по составу в обоих исследованных клас- 
сах Chilopoda и Diplopoda являются парковые зоны 


в центре города, а наиболее пострадавшими от ант- 
ропогенного воздействия — очевидно, Geophilo- 
morpha и Scolopendromorpha. Наибольшим видо- 
вым разнообразием отличается пригородная зона, 
где находятся 37 видов — 20 хилоподы и 17 дипло- 
поды, что составляет 64% известных 58 видов в 
этом районе. Согласно индексу устойчивости (по- 
стоянства) Tischler (С), степень привязанности к 
конкретной среде обитания Chilopoda меньше, чем 
у Diplopoda (многоножки класса Diplopoda являют- 
ся трофически зависимыми от состава раститель- 
ных формаций). В исследованных местообитаниях 
наиболее высокая степень сходства сообществ мно- 
гоножек установлена при сопоставлении парка 
Kioshkovete и заповедника Bukaka, для которых ин- 
декс сходства по Czekanowski-Dice-Sórensen (Qs) 
составило 0,83 для Chilipoda и 0,81 для Diplopoda. 
В фауне Шумена не обнаружено чужеродных ви- 
дов, что является необычным, учитывая масштабы 
города, его долгую историю, установленные торго- 
вые отношения с другими регионами в древности и 
активную транспортировку продуктов в разные ре- 
гионы мира из них. 


Introduction 


The island isolation and fragmentation of the urban 
habitats, as well as the increased anthropogenic impact 
cause the formation of specific faunal complexes and 
the emergence of new species communities, quite dif- 
ferent from those in natural habitats. Comprehensive 
study of urban and rural species communities could 
help understand the strength and level of distortion of 
the human activity. In recent decades, the species com- 
position of Myriapoda in urban and suburban areas has 
been the subject of studies by many researchers. Eng- 
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hoff [1973] provides a list of the centipedes occurring 
in the city greens of Copenhagen, Davis [1979] makes 
similar analysis for the species in London. Andersson 
[1983] explores the centipedes of Góteborg, and Zapp- 
aroli [1992] provided a very detailed list of centipedes 
found in the city of Rome. Centipedes from urban areas 
are described in the papers on the biological character- 
Istics of soils in Bonn-Bad Godesberg, Germany [Fr- 
und, 1989; Schulte et al., 1989]. In a study of the urban 
environment in Vienna Kuhnelt [1989] also reported 
several species. Lesniewska [1996] studied centipedes 
communities in Poznan, and in a study of the myriapod 
fauna of Sofia Stoev [2004] reported 21 species re- 
corded in a highly urbanized environment. A similar 
study of the fauna in the city of Skopje was published 
by Gorgievska et al. [2008]. Studies of Wytwer [1995] 
on the similarities and fauna connections in the centi- 
pede communities in Mazowia forests and urban green 
areas in Warsaw support the view that the question of 
the formation and evolution of the species diversity in 
communities living in urban greens are more signifi- 
cant in regard to the study of the circumstances and 
conditions leading to the evolution of the natural fauna 
[Trojan, 1994]. 

Despite the great diversity, urban habitats have one 
common feature — they are subjected to different types 
and degrees of anthropogenic impact and high fragmen- 
tation of habitats. Therefore, in different parts of the city 
one can observe different degrees of changes in the 
environmental conditions that form an urban-rural axis — 
from highly urbanized central, through less altered sub- 
urban zones to natural rural habitats [McDonnell et al., 
1993, 1996; Pouyat et al., 1994, 1995]. The higher 
anthropogenic pressure leads to exhaustion and impov- 
erishment of the fauna [Chudzicka, Skibinska, 1998a, 
1998b], manifested through reduced number of species 
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Fig. 1. Map of the re- 
search area with the location 
of the sampling sites. 

Puc. 1. Карта района 
исследования C местополо- 
_ жением участков отбора 
© проб. 


[Vepsalainen, Wuorenrinne, 1978; Czechowski, 1982; 
Kasprzak, 1981; Niedbala et al., 1982; Pisarski, 1982; 
Skibinska, 1978, 1982, 1986; Sawoniewicz, 1982, 1986; 
Winiarska, 1986; Wytwer, 1995]. The fauna impover- 
ishment often follows the gradient of increasing anthro- 
pogenic impacts towards the city center. Another char- 
acteristic of urban fauna is the presence of species of 
foreign origin, which generally adapt better to anthropo- 
genically influenced habitats, rather than to areas that 
have not been exposed to human pressure. 

At this point in Shumen and the Shumen Plateau 
there are a total of 58 known species of myriapods — 
21 species of class Diplopoda and 37 species of class 
Chilopoda [Bachvarova, 2011]. 

The purpose of this study is to investigate the distri- 
bution of myriapods across habitats and to offer a 
comparative analysis of the complexes of species in the 
natural habitats of the Shumen Plateau, the metropoli- 
tan area and urban green areas of Shumen. 


Material and methods 


Study area. 

The material has been collected from 8 sites, distin- 
guished by their location, composition of plant forma- 
tions and level of anthropogenic pressure. Two of them 
are located in heavily urbanized area which is subject 
to considerable human pressure: UI — City park and 
UII — University of Shumen park. The third site SU — 
Kyoshkovete Park, is located in a transitional zone 
between urban and rural areas. Collecting sites 4—8 are 
situated in rural habitats located in the Natural Park 
Shumen Plateau: RI — beech forest at Bukaka reserve, 
RII — mixed deciduous-coniferous forest, RII — 
hornbeam forest, RIV — pine forest and RV — Open 
meadow (Fig. 1). 
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Characterization and floristic analysis of the ec- 
osystems at the sampling sites. 

The Nature park Shumen Plateau is located in the 
southeastern suburbs of the Moesian plane. The park 
falls within Moesian beech forest and the Lower plane- 
hilly oak forest belts with an altitude from 0 to 800 m 
[Andreev, 1992]. In general, the vegetation cover is 
characterized by the predominance of xerophylic and 
more or less thermophilic elements, such as Carpinus 
orientalis Mill, Quercus pubescens Willd., 1796, Q. 
cerris L., 1753, О. frainetto Ten. (1813), Syringa vul- 
garis L., 1753, Paliurus spina-christi Mill. The meso- 
philic and mesothermic elements, such as Carpinus 
betulus L., 1753, Quercus robur L., 1753, Tilia to- 
mentosa Moench, Ulmus campestris L., have more 
limited distribution. Pretty close to the mesophilic eco- 
systems are those of the Moesian beech Fagus sylvati- 
ca L. ssp. moesiaca (K. Malý) Hjelmquist, but they 
must be regarded as intermediate to the xerophylic 
ones. The coniferous forests cover about 16% of park’s 
territory and are composed of artificially introduced 
tree species. The chasmophytic communities within the 
protected area relate to the endemic for the Balkan 
Peninsula union Ramondion nathaliae, that combines 
rock phytocenoses of limestone substrates. The aver- 
age altitude is 350 m, with the highest point being 502 
m and the lowest — 225 m. 

Site description. 

RI: Theromophilic Moesian beech forest [Tzonev 
et al., 2006], with presence also of Carpinus betulus 
L., 1753, Quercus dalechampii Ten., Quercus frainet- 
to Ten. (1813), Quercus cerris L., 1753, Tilia tomen- 
tosa Moench, etc. Scrub floor does not form almost 
anywhere. The participation of several types of xero- 
philic species from the neighboring oak and hornbeam 
forests, such as Glechoma hederacea L., Hedera helix 
L., 1753, Lathyrus laxiflorus (Desf.), Melissa officinalis 
L., 1753, Mercurialis perennis L., Milium effusum L., 
Muscari botryoides Mill, Polygonatum latifolium 
(Jacq.) Desf., Ruscus aculeatus L., 1753, Tamus com- 
munis (L.), 1753, Viola riviniana Rchb., etc. Domi- 
nants for the grass synusia are Rubus hirtus Waldst. & 
Kit., Poa nemoralis L., Brachypodium sylvaticum 
(Huds.) Beauv., Galium odoratum (L.) Scop., 1771, 
Festuca heterophylla Lam., Lamiastrum galeobdolon 
(L.) Ehrend. & Polatschek, Sanicula europaea L., 1753, 
Cyclamen coum Mill and Carex sylvatica Huds. Cate- 
gory according to EUNIS habitat classification: G1.661. 
Geographical coordinates: М 43°15.592’; E 26°53.310’. 
The pH of soil is 4.18. 

RII: Located at the border of coniferous and decid- 
uous hornbeam-Sessile oak forests. In a relatively equal 
amount are found the following tree species: Fagus 
sylvatica L., 1753, C. betulus, Pinus nigra J.F.Arnold, 
1785, and Pinus sylvestris (L., 1758). The scrub floor 
resembles that of the coniferous forests and includes 
representatives of Rosa sp., Crataegus monogyna Jacq., 
1775, P. spina-christi and not as often of Fraxinus 
ornus L., 1753. Grass synusia is composed primarily 


by xerophytic species, such as H. helix, M. botryoides, 
G. hederacea, V. riviniana, etc. Category according to 
EUNIS habitat classification: G3.F12+G1.A32+G1.6. 
Geographical coordinates: N 43°16.502’; E 26°53.376’. 
The pH of soil is 5.16. 

RIII: Besides the dominant species C. betulus and 
Quercus petraea (Matt.) Liebl., 1784 in the composi- 
tion of the tree floor there are also F. sylvatica, C. 
orientalis, Q. frainetto, Q. cerris and Populus tremula 
L., 1753. The scrub synusia is composed of C. monog- 
yna and Corylus avellana L. (1753) and less often of 
F. ornus. Except for Lamiastrum galeobdolon (L.) 
Ehrend. & Polatschek, the other major dominants among 
the grasses are P. nemoralis, B. sylvaticum, F. hetero- 
phylla and Melica uniflora Retz.. Category according 
to EUNIS habitat classification: G1.A322. Geographi- 
cal coordinates: М 43°14.605’; E 26°54.618’. The pH 
of soil is 5.02. 

RIV: This sampling site is located in a coniferous 
forest, which is composed mainly of a pure culture of P. 
nigra. The coniferous forests in the Shumen Plateau 
occupy about 16% of its territory and are composed of 
artificially introduced tree species. The scrub floor is 
composed of Rosa sp., C. monogyna, and not as often of 
Prunus spinosa L. Category according to EUNIS habitat 
classification: G3.F12. Geographical coordinates: N 
43°16.791’; E 26°53.562’. The pH of soil is 7.19. 

RV: Depending on its phytocoenological outlook, 
the site can be divided into two parts. Its eastern half 
belongs to the xerophytic grasslands, which on the 
territory of the Shumen Plateau refer to the phyto- 
coenose Festuco-Brometea. These phytocoenoses oc- 
cur at places where forests have been destroyed in the 
distant past. Now they compose only a minor part of 
the plant cover in the Nature park (0.6%). The western 
part of site is occupied by low shrub phytocoenoses of 
the Prunetum tenellae association, which have only a 
symbolic participation (0.08%) in the vegetation cover 
of the Shumen plateau. These secondary communities 
are found on eroded landscapes along with S. vulgaris, 
P. spina-christi, P. spinosa, C. orientalis and xero- 
philic grasslands. Category according to EUNIS habi- 
tat classification: E1.2. Geographical coordinates: N 
43?15.504'; E 26°55.599’. The pH of soil is 7.76. 

SU: The site is located in semi-natural formation, 
strongly influenced by the human activity. There are no 
dominant species, although horse chestnut, Aesculus 
hippocastanum Linnaeus, 1753, is quite common. Well 
represented are also: 7. tomentosa, Acer campestre L., 
Acer and Juglans regia L., (1753). Scrub floor is very 
scanty and represented by ornamental species, such as 
H. helix. In the grass synusia there are representatives 
of Parietaria officinalis L., 1753, Dactylis glomerata 
L., 1753, Geum urbanum L., Geranium sp., Ballota 
nigra L., Vinca minor L., Chaerophyllum temulentum 
L., etc. Geographical coordinates: N 43?15.927'; E 26? 
54.028'. The pH of soil is 7.41. 

UI: Wet meadows in highly urbanized spaces — 
small parks, public squares and around the streets. 
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There are no clearly dominant species. Phytocenoses 
are represented by A. hippocastanum, Amorpha fruti- 
cosa L., 1753, Platanus orientalis L., 1753, Prunus 
mahaleb L., T. tomentosa, A. campestre, Cercis sili- 
quastrum L., Bellis perennis L., Lolium perenne L., 
Taraxacum officinale F.H. Wigg., P. officinalis, G. 
urbanum, etc. Geographical coordinates: М 43°16.260’; 
E 26°56.403’. The pH of soil is 7.59. 

UII: The site is located near the University of Shu- 
men, which is heavily urbanized, with several sport 
facilities (football playground and two tennis courts), 
three parking lots, a number of buildings, alleys and 
lawns. The total surface of the area amounts to 180 ha. 
In terms of habitats it can be divided into two parts. 
The northeast part is composed of mixed plantations of 
park type, where the most numerous spicies are P. 
nigra, T. tomentosa, Robinia pseudoacacia L., A. hip- 
pocastanum and C. siliquastrum. The scrub floor is 
relatively scanty and grass sinusius is formed by H. 
helix, Clematis vitalba L. (1753), Salvia nemorosa L., 
Galium aparine L., Poa pratensis L., C. bursa-pas- 
toris, T. officinale, Malva sylvestris L., Silene vulgaris 
(Moench), etc. The southwestern part of site encom- 
passes meadows with individual trees and shrubs. Geo- 
graphical coordinates: № 43°16.750’; E 26°56.870’. 
The pH of soil is 7.37. 

The material was collected by using 10 pitfall traps 
in each sampling site set in a line, at a distance of 10 
meters from each other. Traps were emptied at a monthly 
basis in the period April 2007 — May 2009. Besides, 
underground traps aiming to collect the fauna inhabit- 
ing only the deep soil strata were used too. Direct 
sampling, conducted both at the eight workstations and 
at specific habitats and microhabitats, such as areas in- 
between domestic buildings, construction sites, garden 
path-ways, patios and yards in the city center and more 
was carried out too. In addition to above methods 4 soil 
samples amounting to 0.75 m? were taken from each 
site in the period June—July 2009 and September-Oc- 
tober 2009 and further extracted in laboratory condi- 
tions by Tillgren-Berlese apparatus for 48 hours. 

The differences in the habitat distribution of miria- 
pod communities were examined by cluster agglomer- 
ative method and by Czekanowski-Dice-Sórensen's sim- 
ilarity index (Qs) with PAST 2.03 program [Hammer 
et al., 2001]. The degree of attachment of a specific 
species to a particular habitat has been measured by the 
index of persistence (invariability) of Tischler (C). 


Results 


A total of 5077 millipedes were collected, out of 
which 3442 were collected by pitfall traps, 1214 by 
direct sampling (148 of which by underground traps) 
and 421 individuals by soil samples. Of the 20 species 
registered in the study, 18 were collected by pitfall 
traps, 1 species (Trachyspheara costata) — by hand 
sampling in the Zandana cave, and | species (Typhlo- 
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iulus kotelensis) was found only in soil samples taken 
from Kyoshkovete (Table 1). 

The collected centipedesamount to 2756 individu- 
als, 1227 of which were caught using pitfall traps, 
811 were hand-picked and 718 through Tüllgren ex- 
traction (Table 2). Out of the 33 centipede species 
registered in the area, twelve species — Scutigera 
coleoptrata, Eupolybothrus transsylvanicus, Lithobius 
erythrocephalus, L. mutabilis, L. aff. melanops, L. 
parietum, L. schuleri, L. aff. micropodus, Harpolitho- 
bius sp.n. 2, Scolopendra cingulata, Cryptops trisul- 
catus and Strigamia engadina were collected by pit- 
fall traps and/or direct sampling. Shendyla aff. deli- 
catula, Sh. aff. tyrolensis (= Shendyla aff. montana 
balcanica (Kaczmarek, 1969) [Bonato, Minelli, 
2014]), Sh. aff. walachica, Geophilus flavus and 
Strigamia transsilvanica, as typical geobionts were 
found only through extractions of soil lumps. Through 
direct sampling in the Shumen University park (UII) 
only three Lithobius microps were caught. However, 
the results of the soil samples in this area indicate 
significant presence of the species. 

Analysis of the habitat distribution of myriapods 
in the studied region was made on the basis of the 
results of the quantitative sampling with pitfall traps. 
Although only surface-dwelling and active species 
could be collected, when used for long periods of 
time, this method provides significant insight to the 
species composition. The absence of a certain species 
in the traps does not by far mean that the species is 
absent in this habitat. It rather indicates that it could 
be inactive on the ground. Despite all these consider- 
ations, the amount of captured individuals and the 
number of species registered through pitfall traps ob- 
viously depends not only on the type of activity, but 
also on its degree of affluence. Therefore, it is recom- 
mended that quantitative studies with pitfall traps, be 
applied for at a period of one year [Baars, 1979]. In 
the current case, the duration period was two years, 
which ensures that the collection of individuals re- 
flects the presence, size and density of the population, 
as well as the activity of the species. 

During the analysis of habitat distribution the re- 
sults from the direct sampling were not taken into ac- 
count because the amount of material collected at each 
site using this method depends on the frequency of 
attendance of the terrain and the length of the hand 
collecting. Qualitative samplings have performed with 
different duration and frequency in the studied areas, 
so their results are not indicative of the number of 
species in a particular area. The results of the direct 
and soil sampling were used to supplement the species 
lists and better characterize the local fauna. 

The actual species diversity and the proportion be- 
tween the numbers of registered species are different 
for each sampling site. On one hand they are deter- 
mined by the potential species capacity of the different 
habitats, the feeding and living conditions they offer, 
and on the other they reflect the species’ specific bio- 
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Table 1. List of millipedes collected in Shumen and Shumen Plateau by pitfall traps, direct and soil sampling with their ab- 


solute numbers. 


Таблица 1. Видовой состав и количество многоножек класса Diplopoda, установленных в городе Шумен и 
Шуменском плато с использованием наземных ловушек, а также методом ручного сбора и проб почвы. 


No. Species Species Total number of the catches 
code Pitfall Hand Soil samples | Total 
traps collecting and Tüllgren 
extraction 
DIPLOPODA 
Order Glomerida 
Family Glomeridae 
1. Glomeris hexasticha Brandt, 1833 Ghex 57 4 1 62 
FamilyDoderiidae 
2. Trachyspheara costata (Мара, 1857) Tkot 0 30 0 30 
Order Polydesmida 
Family Polydesmidae 
3. Polydesmus complanatus (Linnaeus, 1761) Pcom 95 38 0 133 
4. Polydesmus denticulatus C.L. Koch, 1847 Pden 108 33 10 151 
5, Polydesmus renschi Schubart, 1934 Pren 7 0 0 7 
б. Polydesmus mediterraneus Daday, 1899 Pmed 10 0 0 10 
Family Paradoxosomatidae 
R Strongylosoma stigmatosum (Eichwald, 1830) Ssti 7 0 0 7 
Order Chordeumatida 
Family Anthroleucosomatidae 
8. Anamastigona bilselii (Verhoeff, 1940) Abil 46 31 5 82 
Family Craspedosomatidae 
9. Craspedosoma transsylvanicum Verhoeff, 1897 Ctrans 5 3 0 8 
Order Julida 
Family Blaniulidae 
10. | Nopoiulus kochii (Gervais, 1847) Nkoch 31 5 68 104 
Family Julidae 
11. | Leptoiulus trilineatus(C.L. Koch, 1847) Ltri 1474 495 86 2055 
12. | Typhloiulus kotelensis Jawlowski, 1938 Tkot 0 0 3 3 
13. | Cylindroiulus boleti (C.L. Koch, 1847) Cbol 302 158 145 605 
14. | Megaphyllum bosniense (Verhoeff, 1897) Mbos 437 74 41 552 
15. | Megaphyllum lictor (Attems,1904) Mlic 5 5 0 10 
16. | Megaphyllum transsylvanicum (Verhoeff, 1897) Mtrans 618 93 35 746 
17. | Megaphyllum unilineatum (C.L. Koch, 1838) Muni 93 18 0 111 
18. | Pachyiulus hungaricus (Karsch, 1881) Phun 34 114 22 170 
19. | Pachyiulus varius (Fabricius, 1781) Pvar 7 68 0 75 
20. | Apfelbeckiella trnowensis trnowensis(Verhoeff, 1928) Atrn 106 45 5 156 
Total number of catches: 3442 1214 421 5077 


logical capabilities for adaptation and reproduction 
[Trojan, 1994]. Depending on the amount of collected 
individuals of particular species and their distribution 
in the studied habitats, myriapods can be classified into 
three groups (Tables 1 and 2; Tables 3A and 3B). 

The first group includes species that are found in 
small number (up to 10 individuals) for the two-year 
study period. To this group belong: Polydesmus rens- 
chi, P. mediterraneus, Strongylosoma stigmatosum, 
Craspedosoma transsylvanicum, Megaphyllum lictor 
(Table 1) and Pachyiulus varius, Scutigera coleoptra- 
ta, Lithobius erythrocephalus, L. aff. melanops, L. pa- 
rietum, L. schuleri, L. crassipes, L. beroni, L. aff. mi- 
cropodus, Harpolithobius sp.n. 1, Harpolithobius sp.n. 
2, Scolopendra cingulata, Cryptops parisi, Cryptops 
trisulcatus (2 individuals), Shendyla carniolensis and 


Henia illyrica (Table 2). These species are likely to be 
of very high specialization and having specific require- 
ments to their habitat. Therefore coming across them at 
the sampling sites is more likely a coincidence rather 
than a pattern. They are of limited distribution in the 
research areas and have been so far registered in a very 
few habitats (Tables 3A and 3B). 

The second group includes species that are found in 
all or nearly all explored habitats in relatively high 
numbers. These are, among millipedes: Leptoiulus tri- 
lineatus, Megaphyllum bosniense, M. transsylvanicum, 
Cylindroiulus boleti, Polydesmus complanatus, P. den- 
ticulatus, as well as the centipedes Lithobius forfica- 
tus, L. muticus, L. nigripalpis, Cryptops anomalans 
and Clinopodes flavidus. It is noteworthy that among 
Diplopoda only species of Julida inhabit the open mead- 
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Table 2. List of centipedes collected in Shumen and Shumen Plateau by pitfall traps, direct sampling and soil samples with 
their absolute numbers. 

Таблица 2. Видовой состав и количество многоножек класса Chilopoda, установленных в городе Шумен и 
Шуменском плато с использованием наземных ловушек, а также методом ручного сбора и проб почвы. 


No. Species Species Total number of catches 
code Pitfall Hand Soil samples | Total 
traps collecting and Tüllgren 
extraction 
CHILOPODA 


Order Scutigeromorpha 
Family Scutigeridae 


1. Scutigera coleoptrata (Linnaeus, 1758) Scol 5 3 0 8 
Order Lithobiomorpha 
Family Lithobiidae 
2 Eupolybothrus (M.) transsylvanicus (Latzel, 1882) Etrans 32 8 0 40 
3 Lithobius (L.) erythrocephalus C.L. Koch, 1847 Lery 1 0 0 1 
4. Lithobius (L.) forficatus (Linnaeus, 1758) Lfor 86 150 3 239 
5. Lithobius (L.) lucifugus L. Koch, 1862 Lluc 41 15 15 71 
6 Lithobius (L.) mutabilis L. Koch, 1862 Lmuta 50 17 0 67 
7 Lithobius (L.) muticus C.L. Koch, 1847 Lmuti 81 22 59 162 
8. Lithobius (L.) nigripalpis L. Koch, 1867 Lnig 708 282 35 1025 
9. Lithobius aff. melanops Newport, 1845 Lafmel 3 2 0 5 
10. | Lithobius (L.) aff. oglednicus Ribarov, 1987 Lafogl 12 6 1 19 
11. | Lithobius (L.) parietum Verhoeff, 1899 Lpar 1 0 0 1 
12. | Lithobius (L.) schuleri Verhoeff, 1925 Lsch 3 1 0 4 
13. | Lithobius (M.) crassipes L. Koch, 1862 Lcras 4 22 26 52 
14. | Lithobius (S.) beroni Negrea, 1965 Lber 5 39 20 64 
15. | Lithobius (S.) aff.micropodus (Matic, 1980) Lafmic 2 1 0 3 
16. | Lithobius (S.) microps Meinert, 1868 Lmic 0 4 83 87 
17. | Harpolithobius sp.n. 1 (radui group) Hafrad 4 10 1 15 
18. | Harpolithobius sp.n. 2 Hn.sp. 2 0 0 2 


Order Scolopendromorpha 
Family Scolopendridae 


19. | Scolopendra cingulata Latreille, 1829 Scin 3 2 0 5 
Family Cryptopidae 

20. | Cryptops anomalans Newport, 1844 Cano 113 38 48 199 

21. | Cryptops parisi Brólemann, 1920 Cpar 3 23 26 52 

22. | Cryptops trisulcatus Brólemann, 1902 Ctri 2 0 0 2 
Order Geophilomorpha 
Family Schendylidae 

23. | Shendyla carniolensis Verhoeff, 1902 Scar 5 1 6 12 

24. | Shendyla aff. delicatula Kaczmarek, 1969 Safdel 0 0 1 1 

25. | Shendyla aff. tyrolensis (Meinert, 1870) Saftyr 0 0 5 5 

26. | Shendyla aff. walachica Verhoeff, 1900 Safwal 0 0 3 3 
Family Geophilidae 

27. | Geophilus flavus (De Geer, 1778) Gfla 0 0 13 13 

28. | Clinopodes flavidus C.L. Koch, 1847 Cfla 34 125 254 413 

29 Stenotaenia linearis (C.L. Koch, 1835) Slin 12 3 52 64 
Family Dignathodontidae 

30. | Henia illyrica (Meinert, 1870) Hill 3 19 51 73 
Family Linotaeniidae 

31. | Strigamia crassipes (С.Г. Koch, 1835) Scras 12 17 13 42 

32. | Strigamia engadina (Verhoeff, 1935) Seng 0 1 0 1 

33. | Strigamia transsilvanica (Verhoeff, 1928) Strans 0 0 3 3 
Total number of catches: 1227 811 718 2756 

ow (RV) characterized by lawn leaf litter with extreme- The third group is represented by species that in- 


ly adverse conditions during the hot and dry summer habit limited number of habitats and are of medium 
months. These are mostly polytopic species that are | number. These are: Glomeris hexasticha, Anamastigo- 
able to live in more xeric conditions. na bilselii, Nopoiulus kochii, Megaphillum unilinea- 
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Henia (Henia) illyrica 

Clinopodes flavidus 

Lithobius (Lithobius) nigripalpis 
Lithobius (Lithobius) muticus 
Strigamia crassipes 

Cryptops anomalans 

Lithobius (Monotarsobius) crassipes 
Lithobius (Lithobius) forficatus 
Lithobius (Sigibius) microps 
Lithobius (Sigibius) beroni 
Lithobius (Lithobius) aff. oglednicus 
Lithobius (Lithobius) lucifugus 
Stenotaenia linearis 

Cryptops parisi 

Lithobius (Lithobius) mutabilis 
Strigamia transsilvanica 

Shendyla aff. walachica 
Shendyla aff. tyrolensis 

Shendyla camiolensis 
Harpolithobius sp. n. 2 
Harpolithobius sp. n. 1 (radui group) 
Lithobius (Sigibius) aff. micropodus 
Lithobius (Lithobius) schuleri 
Lithobius aff. melanops 
Eupolybothrus (Mesobothrus) transsylvanicus 
Strigamia engadina 

Geophilus flavus 

Shendyla aff. delicatula 

Cryptops trisulcatus 


Scolopendra cingulata 

Lithobius (Lithobius) parietum 
Lithobius (Lithobius) erythrocephalus 
Scutigera coleoptrata 


Fig. 2. Perseverance (invariability) in the presence of centipede species, found in Shumen and the Shumen Plateau in urban, suburban 


and natural habitats. 


Puc. 2. Неизменяемость (устойчивость) B присутствии видов класса Chilopoda, установленных B городе Шумен и Шуменском 


плато в городских, пригородных и природных местообитаниях. 


tum, Pachyiulus hungaricus, Apfelbeckiella trnowensis 
trnowensis, Eupolybothrus transsylvanicus, Lithobius 
lucifugus, L. mutabilis, L. aff. oglednicus, Stenotaenia 
linearis and Strigamia crassipes. Unlike the first and the 
second group, these species could become dominant in 
the area if successfully adapt by shifting and narrowing 
the ecological niches of the euraceous species. 
According to Tishler’s scale (Fig. 2) only 4 centi- 
pede species are common in the explored habitats and 
are present in all sampling sites, and hence could be 


considered eurytopic: Lithobius nigripalpis, L. muti- 
cus, Clinopodes flavidus and Henia illyrica. They, 
along with Lithobius forficatus, L. crassipes, Cryp- 
tops anomalans and Strigamia crassipes, which were 
found in 7 of the explored habitats, compose to a 
large extend the specific character of the centipede 
fauna in the area. 

Centipedes exhibit more pronounced preference for 
certain habitats. Ten of the registered species (30%) 
occur in two of the sites and 8 species (24%) live in 


D. Bachvarova, A. Doychinov, Ch. Deltchev and P. Stoev 


176 


or 


:59 16 SUTGLUS ЛӘП sorods JO .joqumu [eo p. 


+ 


SISUAMOU sisuawoug пабе 


+ 


SADA Sh] gon] 


+ 


SNOUDBUNY Ут ДӘЮ; 
шпшәшүип umjjajdooayy 


+|+ 


UNDNUDAJASSUDA шт уарвәрү 


+|+ 


ору UNJ YSN] 
ASUAIUSO UN AYA) 


+ 


42109 snpio4purt) 


sisuopojoy тоа 


дәшми торт 
myooy sryruodoy]| 


+ 


+ 


epf юр 
шпошолу5ирл) тшоѕорәаѕрд?) 
25а риодуѕтириу 


ерришпәрлоцо юр 


+ 


WNSOJDUIST]S DUOSOJÁBUOANÇ) 


ѕиәирлләррәш sruusaptjo,| 


+ 


щоѕиәл SMUUSAPA JO, 


+| + 
+ 
+ + |+ 


+ 
+| + + 


+ 
+ 
= 
+ 
+ 
+ 
+ 
ESI 
++ 
+ 
: 


зприоциер snusap'o,T| 
STYDUDIAUIOD SNUSIPÁJOJ 


vprusəpíjod PIO 


STENPIAIpUT 0 


WOPO) puey „еперие7,, әлегу Need 


SOO, 


DJUJSOO DABAYASAYIVDAT, 


+ 


+ | + + | + 


XOU) 


DYDYSDXOY $1ЛӘШО]Г) 


трцашор) эро 


уаоао лаа 


Е T 


£|c 


£|c| I 


Ad 


ша 


па ІЧ 05 


T 
m 


әроә 
sapedg | əs suydureg 


sopods 


‘(Idahoul 190041 — g ‘dogo ионьАЯ — „с “ияшАяог э1анию&ен — ,[) хеягешоци хиһоорва 


vH d0d0Q9 ханноятоэвех и XISHHOSIOORHICOX OISIIONOII 2 OLLI WONOHOWÁ[I] и HOWATT] or'odou я ханноняонетол *epodo[di(q LIMA NOKOHOIOHW ounororodioeq “WE епиновт, 
`(поцәедхә иә п], pue sojdures pros — y c "Sunoo[[oo puey — y с 
‘аел реја — ,[) seame soys Sundues ә ye Sur[dures элцеейЬ pue oAnejjuenb qnod neoje[q uoeumus 9y} ur punoj epodo[di(q sse[o jo spodeu&ur jo uonnqrustq “VE ALL 


177 


I ST ЄТ FI 61 02 9r и Sas Surpdures aod soroods jo 1oquinu [930 L 
+ + sues ponmapissupa] 01ш081415 | cc 
+ 5319$ DUIPDSUA 01шр0814]5 ‘TE 
+| + + "EE "XE 4] + * +| + 510$ 524155042 011091415 TE 
+| + + +| + +| + +| + + +| + +| +| + IH рома (ошән) ошән | OE 
Erb +| + +| +] + + + uis 51л0әиц DiuavjoualS | "6с 
g +] +] +] +| +) +] +| +] +| 47 4) +| +] +| +| 4] +| +] +| +] + + + + "po праву sapodouij;) “8T 
о + 179] пар} snjiydoay LS 
= ET 4 темуе$ юәщәррм. "ye DjApuays | ‘97 
c + + IAYeS sisuajo4«] де DjApuays ЄС 
Е + TOPES ютюәцәр це vjkpuays | "vc 
3 + + ЩЕ IŞ sisuajoiu4po vj&puaus | "с 
= 4910010149099 лэрлО 
E + о 5711122] 15144 sdojdu?) ‘TT 
S +| +| +|+| + + Td) ыра зач | "Ic 
5 +| + +| +] +| #] +| +| +] +| +| +) +| +] +] +| +| +| + our) supjpuoun sdojdduy ‘07 
E +| + шә рюурп8иә p4puadojoog | ‘61 
а vudaouroapuodo[oos лэрхО 
өы + + ‘ds uy с wds snıqoynjodivH 91 
Б + + +] + рецен (dnois impp.) | "и sniqounodapg "LI 
z + + + + + +| + IUT sdo4omu (57141815) sriqoyntT | "91 
£ + +| + one] snpodoaonu уе (51141815) smiqoyiT | "6l 
2 +| + + +| +| + +| + 1997 1u042q (51141815) smqoynT | І 
i +| + + +| + +| + +| + + Selo_T 52455042 (snigosapjouoyy) точит | “EI 
"A +] + + WosT мәә (sniqoynT) smqoynT | cl 
= + Jed] штәмпа (п1доцит) 5тдоцит TI 
e n n +| +| +| + + [Boye] snoiupo[30 ‘уе (sniqoynT) smgoynT | "ol 
E m + Touge'T ѕаоирЈәш уе точит `6 
а +] +] + +|+[+| +[ +|[+| 4+] +] 4+] +] +] +] +] 4+] +++ +| + ЗГТ sidjodiisiu (ѕтдоцит) зтдоцит `8 
ч +++ +] + +| + +| + +| +| +] + +| +| + + општ SNINU (SNGOYNT) ѕтдоцит L 
c +] + +] + + | + пш 5!фюпш (ѕтдоцит) sniqouirg 9 
2 + + +| +] +| +] +| + + onrT snanfion] (sniqoujrg) sniqouir © 
В + +| + + +| +| +| ++ +] 4+] + +| + о 5122/10} (sniqoumT) sniqouiTq + 
E + Aly] snpoydasosyjAsa (SNIQOYNT) sniqouir] € 
5 x: +] + suweng snoiupajAssup.] (snauj0qosajy) snayjogajodny c 
= ецалошотдоцгт лэрлО 
RE + + 102$ 0]04]а0ә]02 042511125 т 
8 eud.ouroJoSnnog лэрлО 
= уаоаолінэ 
є| T| T| E| T| T| E| tT] T| E| c| T| ef] tT] | it} | I E| c| 5912945 
Au ATA ШЧ п TA 05 na In apo» $әїзәй$ | says Sugdures “ON 


"xexirerorrm xuhooed 

vH 104095 ханноятоэвех и хчнноялоэвииох OIJIIONOII 2 OLLI WONOHOWÁ[I] и HOWATT] әгойол я xrauporaoneroÁ “вройорцо LIILIA хэжонолони әинәпәпәйпәв “GE епиковт, 
(иоцовдхә пәл8үүпү, pue so[duues pros — g ‘BUNIO puey — „с 

‘зе prezid — ,[) ‘seore soys Sur]dures oy} ur Sur[dures элцезцейЬ pue элцеузиейЬ qgnoag пеэзеа ueumus oy} ш punoj epodo[rq;) sse[o jo зроденАш jo uonnquisiq ‘Я ALL 


178 


D. Bachvarova, A. Doychinov, Ch. Deltchev and P. Stoev 


Cylindroiulus boleti 

Leptoiulus trilineatus 
Megaphyllum transsylvanicum 
Megaphyllum bosniense 
Anamastigona bilselii 
Polydesmus denticulatus 


Polydesmus complanatus 


Apfelbeckiella tmowensis tmowensis 


Megaphyllum unilineatum 
Pachyiulus hungaricus 
Megaphyllum lictor 
Nopoiulus kochii 

Glomeris hexasticha 
Pachyiulus varius 
Polydesmus renschi 
Typhloiulus kotelensis 
Craspedosoma transsylvanicum 
Strongylosoma stigmatosum 
Polydesmus mediterraneus 


Trachyspheara costata 


Fig. 3. Perseverance (invariability) in the presence of millipede species found in Shumen and the Shumen Plateau in urban, suburban 


and natural habitats. 


Рис. 3. Неизменяемость (устойчивость) B присутствии видов класса Diplopoda, установленных в городе Шумен и Шуменском 


плато в городских, пригородных и природных местообитаниях. 


only one habitat. These аге mostly species that belong 
to the first group and are very specialized and form the 
specific outlook of the centipede community in the 
corresponding habitat. 

There are no millipedes present in all of the explored 
habitats, which indicates they are highly specialized and 
oriented to certain types of plant formation (Fig. 3). This 
is largely due to their trophic dependence [Dunger, 1958; 
Striganova, 1969, 1974]. The polytrophic Leptoiulus 
trilineatus and Cylindroiulus boleti, found in 7 sites 
have high tolerance to anthropogenic pressure and have 
been registered only in the most urbanized parts of the 


city. They, along with Megaphyllum transsylvanicum, 
M. bosniense, Anamastigona bilselii, Polydesmus den- 
ticulatus and P. complanatus, established in 6 habitats 
dominate in the millipede communities in the region of 
Shumen and the Shumen Plateau. 

Being registered in only in one habitat, five milli- 
pede species exhibit very high specialization and can 
be categorized as oligotopic. These are S. stigmato- 
sum, C. transsylvanicum and T. kotelensis, hitherto 
found only in the suburban site; P. mediterraneus — 
registered only in the park of the Shumen University, 
and 7. costata — found in Zandana cave. 
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Fig. 4. Proportion of millipede species in urban and suburban green areas of Shumen (based on data from pitfall traps only). 
Puc. 4. Соотношение видов из класса Diplopoda в районах городских и пригородных зеленых насаждений Шумена (только 


наземные ловушки). 
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Fig. 5. Proportion of millipede species in the natural habitats of Shumen Plateau (based on data from pitfall traps only). 
Рис. 5. Соотношение видов из класса Diplopoda в природных местообитаниях Шуменского плато (только наземные ловушки). 


The cluster analysis of the quality composition has 
determined a degree of similarity of the examined com- 
munities in urban, suburban and rural habitats. The 
results show that no sampling sites are completely iden- 
tical in their species composition. The degree of simi- 
larity of the millipede fauna in urban and suburban 
green areas is relatively high. Of the 22 species regis- 
tered at the Shumen University park and at Kioshkove- 
te park, about one third (7 species) are found in both 


sites. The degree of similarity between the most highly 
urbanized city garden (UI), and the suburban area (SU) 
is lower. Of all 18 species found there only 4 were 
typical for both locations (Fig. 4). 

The most urbanized parts of the city (UI and UIT) 
are characterized by relatively poor species composition. 
However, they exhibit a high degree of similarity — 
four of the five millipedes registered in the city park 
are also found in the Shumen University park. The 
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Table 4. Czekanowski-Dice-Sórensen's index values (Qs) 
for the millipede communities in urban and natural habi- 
tats. 

Таблица 4. Значения индекса Czekanowski-Dice-Surens- 
еп (Qs) для диплоподных сообщест в 
урбанизированных и природных местообитаниях. 
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Table 5. Czekanowski-Dice-Sórensen's index values (Qs) 
for the centipede communities in urban and natural habi- 
tats. 

Таблица 5. Значения индекса Czekanowski-Dice-Surens- 
еп (Оз) для хилоподных сообществ в 
урбанизированных и природных местообитаниях. 
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millipede fauna of park Kyoshkovete is more alike the 
Bukaka reserve — out of the 21 registered species, 7 
were found in both works sites. 

The natural habitat of the Shumen Plateau exhibits 
a much higher degree of similarity in terms of milli- 
pede communities, probably conditioned by the simi- 
larity in species composition of their plant formations. 
The deciduous-coniferous forest shows great resem- 
blance to the Bukaka reserve (7 out of 16 species were 
found in both sites) as the two sampling sites have the 
same edificators. 

The most impoverished and peculiar millipede fau- 
na was found in the open meadow (RV) and the horn- 
beam forests (RIII). This is mainly due to the fact they 
both offer xeric conditions and limited food supplies 
(Fig. 5). 

The level of similarity in the millipede species com- 
position in the communities of the examined area var- 
ies widely — Sorensen's index was only 0.2 in the city 
park and in the open ridge meadow and it reaches 0.87 
at the Bukaka reserve and at the deciduous-coniferous 
forest. Two of the worksites (UI and КШ) have no 
common species and the Qs there equal 0.00 (Table 4). 
Very low index values were detected between the most 
urbanized part of the city (UI) and the natural habitats 
of the Shumen Plateau — 0.2 (with RV), 0.28 (with 
RIV) and 0.3 (with RI). 

The millipede fauna in the examined region is very 
similar in the different sampling sites. It is divided into 
two main groups with a relatively high degree of simi- 
larity (0.46) (Fig. 6). The first group is formed by the 
urban and suburban green areas and part of the natural 
habitats of the Shumen Plateau. 

Although the species composition of the millipede 
component in the 5 sites shows a high degree of simi- 
larity (0.66) the millipede communities of both urban 
sites — UI and UII are placed in a separate group with 
the highest degree of similarity — 0.84. The species 
composition of the park Kyoshkovete (SU) shows a 
great similarity to that of the Bukaka reserve (RI) — 
0.81. Along with the deciduous-coniferous forest the 
three sites form a single group. This is likely due to the 
similar nutritional conditions in these habitats. The 
main edificator in Bukaka and in the mixed forest is 


[ RV [9:33 [0.52 [0.45 [0.60 [0.63 [0.66 [0.52 |1 | 


Fagus moesiaca, which is why the millipede communi- 
ties are very similar in composition. Kyoshkovete park 
borders with an array of beech forest, which is proba- 
bly the main source of immigrants in this area, and 
therefore the species composition of the millipede com- 
munity resembles that of the natural habitats. 

The remaining three sampling sites in the park (RIII, 
RIV, and RV) form the second group in which the 
greatest degree of similarity — 0.65 was observed 
between the hornbeam and pine forest and the open 
meadow crest (0.63). The three habitats form a homog- 
enous group. They are characterized by the most poor 
species composition, probably due to the specificity of 
their food resources and more xeric conditions they 
offer. 

As a whole, the centipede fauna in the examined 
area shows a much higher degree of similarity than that 
of the millipede fauna. This applies to both urban and 
suburban green spaces and the natural habitats of the 
Shumen Plateau. Sorensen’s index (Table 5) varies in 
much narrower margins in comparison to the millipede 
fauna — from 0.33 in the city park and the open ridge 
to 0.77 in the meadow between the hornbeam and the 
mixed forests. 

Again, as with millipedes there is a great similarity 
in the species composition of the urban sites — UI and 
UII, which have 7 species in common (Fig. 7). 

The similarity between the centipede fauna of the 
urban green areas and the suburban area varies wide- 
ly — from relatively low degree between the city park 
and park Kyoshkovete (total of 5 species out of the 24 
registered ones; Qs — 0.41) to a significantly higher 
degree between park Kyoshkovete and the Shumen 
University park (out of 25 species, only 8 are found in 
both sites; Qs — 0.64). 

In the natural habitat of the plateau for the Chilopo- 
da the greatest degree of similarity exhibit the commu- 
nities in the mixed deciduous-coniferous forest (RII) 
and the hornbeam forests (ВПТ) — 0.77, with a total of 
7 common for both sites species out of the 18 regis- 
tered ones (Fig. 8). There is a relatively equal degree of 
similarity between the reserve Bukaka and the mixed 
deciduous-coniferous forest (0.69) and the hornbeam 
forest and the open meadow crest (0.66) (Table 5). The 
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Fig. 6. Dendrogram of 
similarity in species composi- 
tion of the millipede commu- 
nities in urban and rural habi- 
tats. 

Puc. 6. Дендрограмма 
сходства в видовом составе 
диплоподных сообществ в 
городских и пригородных 
местообитаниях. 
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Fig. 7. Proportion of centipede species in urban and suburban green areas of Shumen (based on data from pitfall traps only). 


Puc. 7. Соотношение видов из класса Chilopoda в районах городских и пригородных зеленых насаждений Шумена (только 
наземные ловушки). 


lowest degree of similarity was found between the horn- 
beam and pine forest and between the pine forest and 
the open meadow. The most common species in all 
sampling sites at the Shumen Plateau is Lithobius ni- 
gripalpis, which exhibits significantly higher tolerance 
to drought than other species [Zapparoli, 1999]. It pen- 
etrates the deep layers of leaf litter with higher and 


relatively constant humidity, where adults and fast mov- 
ing individuals are able to compensate more easily for 
the water loss. Moreover the conditions appear optimal 
for earlier stages of the species development [Frund, 
1987]. This is probably the reason why it is the domi- 
nant species in all examined natural habitats in the 
region — its share in the total catch was comparatively 
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Fig. 8. Proportion of centipede species in the natural habitats of Shumen Plateau (based on data from pitfall traps only). 
Puc. 8. Соотношение видов из класса Chilopoda в природных местообитаниях Шуменского плато (только наземные ловушки). 


high and ranges from 48.37% in Bukaka reserve (RI) 
to 75% in the mixed deciduous-coniferous forest (RIV) 
(Fig. 8). 

Centipede communities in the examined area are 
also divided into two main groups at a degree of simi- 
larity of 0.48 (Fig. 9). The first group includes the 
urban and suburban green as well as reserve Bukaka. In 
this group there are the two separate urban sites (UI 
and ОП) with a degree of similarity 0.85. Great simi- 
larity occurs between the communities in the suburban 
area and the reserve (0.83). The second group unites 
the remaining forest habitats of the plateau ridge and 
the open meadow. The highest degree of similarity was 
observed between the centipede fauna of the mixed 
forest and the hornbeam forest — 0.79, while the open 
meadow crest is logically separate from the forest hab- 
itats with a similarity degree of 0.4. 


Discussion 


The myriapod fauna of Shumen is constituted pri- 
marily of native species and such from its surround- 
ings. There isn’t a single alien (introduced from anoth- 
er country or continent) element in the fauna, which is 
unusual given the size of the city, its long history, 
established trade relations with other regions since an- 
tiquity and the active transport of products from around 
the world. For comparison, Stoev [2004] finds two 
non-native species in Sofia (Oxidus gracilis, Pleuroli- 
thobius patriarchalis). The widespread in Europe spe- 
cies Lamyctes emarginatus, which is believed to have 
originated in Australasia, was not found in the city, 
although it is not rare in the country [Stoev, 2002] and 
often occurs in urban areas, frequently in flower pots in 
residential buildings. 


The distribution of myriapods in the studied area is 
primarily determined by the specifics of the soil and 
climatic conditions and the composition of the plant 
formations found there, as well as the available food 
resource. In accordance with the concept of border 
(ecotonic) effect [Odum, 1971], the highest species 
diversity is evident in the suburban area (park Kyoshk- 
ovete), with a total of 37 registered species (17 milli- 
pedes and 20 centipedes — Tables 3A, B). Despite its 
partial urbanization to a large extent the park has pre- 
served the natural character of its habitats. It serves as 
a transitional zone between the highly urbanized areas 
of the city and the habitats remaining unaffected by the 
anthropogenic influence in the Shumen Plateau. The 
area is characterized by high humidity throughout the 
whole year and relatively moderate temperatures in all 
seasons — higher than the temperature measured in 
winter at the Shumen plateau and significantly lower 
than that in the city center during the summer months. 
The centipedes being predators are not trophycally 
bound to a certain flora and have a much wider distri- 
bution in the studied habitats of the Shumen Plateau 
than most millipedes. However, there is some regulari- 
ty in their distribution across the sampling sites, which 
is probably related to the presence of various specific 
microhabitats in different habitats. 

The city greens in the central areas of the town are 
relatively poor in species, but at the same time they 
exhibit a higher degree of similarity to other highly 
urbanized habitats, such as the Shumen University park. 
This is consistent with the results of the study of Zapp- 
aroli [2002], who found a large heterogeneity of the 
fauna and relatively poor species composition while 
studying the centipedes of Rome. The same author 
concludes that most influenced by the anthropogenic 
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pressures species are members of the orders Geophilo- 
morpha and Scolopendromorpha, which is mostly due 
to their poor mobility and greater sensitivity to the 
environment. This was also confirmed by our study — 
only 7 out of total of 15 species of these orders were 
established within the city borders. Seven out of the 8 
Diplopoda species recorded in the city gardens, are 
common for the University park, while for Chilopoda — 
all the 11 species were found in both habitats of the 
central urban zone. Several species were only regis- 
tered in the less anthropogenically influenced surround- 
ings of the city. Species showing restricted distribution 
and high specialization to particular environmental con- 
ditions, such as Strongylosoma stigmatosum, Craspe- 
dosoma transsylvanicum, Typhloiulus kotelensis, Litho- 
bius erythrocephalus and Cryptops trisulcatus most 
likely cannot overcome the effects of the urban factors. 

The highest species diversity, closer to that seen in 
natural habitats on the Shumen Plateau than in the 
central parts of the city, was recorded in park Kyoshk- 
ovete which has been subjected to relatively weak an- 
thropogenic pressures. Of all the 37 myriapod species 
registered in the urban area, 18 centipede species and 
13 millipede species (84%) occur in the natural habi- 
tats of the plateau. The highest degree of similarity 
between the myriapod communities has been reported 
the in park Kyoshkovete and the Bukaka reserve. 


RI UII UI 


Fig. 9. Dendrogram of simi- 
larity in species composition of the 
centipede communities in urban 
and rural habitats. 

Puc. 9. Дендрограмма сход- 
ства в видовом составе хилопод- 
ных сообществ в городских и 
пригородных местообитаниях. 
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